Links between metabolism and apoptosis in mammalian cells: applications for anti-apoptosis engineering.
Production of complex recombinant proteins requires the culture of mammalian cells in bioreactors. Inherent in these cultures is the problem of cell death, which can result from nutrient depletion, byproduct accumulation, and other bioreactor stresses which signal the cell to die through apoptosis, or programmed cell death. Apoptosis is a highly regulated pathway of both pro- and anti-apoptotic proteins that promote cell survival or death, and cell engineering efforts to inhibit the apoptosis pathway have led to increased culture viability and recombinant protein production. Originally, the exclusive function of many of these pathway proteins was believed to be binding at the mitochondria and regulating apoptosis through modulation of the mitochondria permeability. While this protein functionality does still hold true, it is now evident that these proteins also include roles in the metabolic processes of the mitochondria. Furthermore, apoptosis pathway proteins in other organelles within the cell may also both modulate apoptosis and metabolism. This review first details the known links that exist between apoptosis proteins and metabolic functions in the cytosol, mitochondria, and endoplasmic reticulum. Second, the review turns to look at potentially new cell engineering strategies that are linked to metabolism for improving cell culture viability and protein production.